Introduction
The incidence of myopia varies within a wide range depending on a geographic area, nationality, and age. So, pathologic myopia, defined as a spherical equivalent higher than 6 diopters, is revealed in 6% to 18% of cases among all myopic subjects. It has been reported to be 0.5% to 2% among population of the USA and Europe [1] .
The problem is of a certain importance since it can lead to irreversible impairment of visual functions. Among persons at the age of 50 and below, myopia is a cause of subretinal neovascularization (CNV) in 62% [7] . Myopia takes the second place following age-related macular degeneration (AMD) among CNV-complicated nosologies that lead to central vision loss [2] .
In 2003, Ohno-Matsui et al reported that 35% of cases when a myopic eye developed CNV, the latter was developed in a fellow eye within eight years [16] .
Laser coagulation, transpupillary thermotherapy, and photodynamic therapy have been proposed for CNV treatment. It should be noted that although laser treatments are rather efficacious, long-term results of these treatments are often poor [1, 2, 17, 24] .
Many diseases of the macula are widely treated using inhibitors of vascular endothelial growth factor (VEGF), ranibizumab and aflibercept particularly. Thus, randomized clinical trials have reported on their efficacy for AMD of the retina [4, 9, 20] , for macular edema with retinal central vein occlusion [3, 5, 10, 15] , and for diabetic macular edema [11, 14] .
International multicenter studies (RADIANCE, REPAIR) have shown the efficacy and safety of ranibizumab for treatment of myopic CNV [22, 23, 25] .
Also, the MYRROR study has reported on the efficacy of aflibercept for the treatment of patients with myopic CNV [27] . The studies mentioned above have been conducted independently of each other, however simultaneous comparison of the angiogenesis therapy in patients with pathologic myopia complicated by CNV have not been performed.
To-date, a worldwide current issue is one on a choice of treatment that would be most efficacious for patients with myopic CNV with an optimal regimen of intravitreal anti-VEGF injections.
The purpose of the study was to compare the efficacy of ranibizumab and aflibercept treatment of patients with subretinal neovascularization in pathologic myopia.
Material and Methods
This was a comparative, uncontrolled, prospective cohort study, enrolling 96 pathologic myopic eyes (93 patients) with subretinal neovascularization. The study was carried out at Ocular Laser Microsurgery Department of Filatov Institute of Eye Diseases and Tissue Therapy and at Ophthalmology Department of Danylo Halytsky Lviv National Medical University. Before the initiation of the study, all patients were obtained a written informed consent approved by a local scientific ethical committee according to Helsinki Declaration principles.
Inclusion criteria for this study were the presence of CNV with pathologic myopia, spherical equivalent of myopia ≥6.0 diopters (if spherical equivalent of myopia is <6.0 diopters, a patient must have macular alterations, typical for shortsightedness: lacquer cracks, choroidal atrophy, posterior staphyloma), axial length ≥26.5 mm, recent (within two months) history of CNV associated with pathologic myopia.
Patients were divided into two groups depending on the drug injected. The first group patients were treated with 0.05 ml (0.5 mg) intravitreal ranibizumab and the second group patients were treated with 0.05 ml (0.2 mg) intravitreal aflibercept. The patients were followed up over 12 months.
We used a pro re nata (PRN) dosing strategy with two compulsory monthly loading doses; the further injections were performed as required and depended on the worsening of visual acuity, ophthalmoscopically revealed subretinal hemorrhage, the OCT thickening of the macula and CNV, and hyperfluorescent in the macula.
Each patient underwent best-corrected visual acuity (BCVA) assessment, refractometry, axial length (AL) measurement, biomicroscopy, macular optical coherence tomography (OCT), and fluorescein fundus angiography (FFA). FFA was performed at baseline and on completion of the treatment. No hypofluorescence at treatment completion was considered as closure of neovascularization. The presence of hypofluorescence on FFA evidenced of active CNV.
A primary end point was the best corrected visual acuity (BCVA) at 12 month of treatment. Secondary end points were OCT central retinal thickness (CRT), activity of CNV as evaluated by fluorescein angiography, the number of intravitreal injections, and safety of the drugs.
Primary data base was developed, the data were statistically processed, and diagrams were designed using Statistica® 10.0 (StatSoft©). To characterize the groups, the mean (M) and standard deviation (SD) were computed. When studying changes in measurements (BCVA, CRT, and CNV) in the groups after intravitreal injections, we used repeated measures analysis of variance. MannWhitney criterion was used to compare groups. A p-value of <0.05 was accepted as a statistically significant level in all analyses.
Results
The age of patients averaged 47 years; 96.8% aged 30 to 70 years and 83% of patients were women and 17% were men. Refraction values ranged from -6.0D to -24.5D. Whereas, refraction of -25D to -20D was recorded in 11 eyes (11%), -20D to -15D in 23 eyes (24%), -15D to -10D in 32 eyes (33%), and -10D to -5D in 30 eyes (31%). Axial length of the eye varied within the range between 23.1 mm and 32.6 mm. Whereas, the values of AL of 26 mm to 28 mm was noted in 38 eyes (39.6%), 28 mm to 30 mm in 41 eyes (42.7%), 30 mm to 32 mm in 13 eyes (13.5%), >32 mm in 4 eyes (4.2%). The median AL value was 28.4 mm.
All patients were divided into two groups: group 1 comprised 65 eyes (63 patients) treated with intravitreal ranibisumab (IVR); group 2 comprised 31 eyes (30 patients) treated with intravitreal aflibercept (IVA).
The mean BCVA at baseline was 0.2 (0.14) and 0.21 (0.15) in the IVR and IVA groups, respectively. No statistically significant difference was noted between the two groups (р=0.89). Over the follow-up period, the BCVA significantly increased in both groups: at month 12, the mean BCVA was 0.4 (р=0.000) and 0.37 in the IVR and IVA groups, respectively (Fig. 1) .
The Mann-Whitney criterion was used to compare the mean BCVA at each follow-up point. However, no difference in the mean BCVA was noted between the patients' group studied.
The mean baseline CRT was 314.6 µm and 276.5 µm in the IVR and IVA groups, respectively. And the mean CRT differed significantly between the two groups (р=0.000). However, at the following time points, the difference between the IVR and IVA groups was not statistically significant for this parameter. Over the whole follow-up period, a decrease in CRT was noted in both groups. Thus, at month 12 the mean CRT significantly decreased by 28% as compared to baseline, i.e. from 314.6 µm to 226.7 µm, in the IVR group. However, in the IVA group, OCT also revealed a significant decrease in CRT at each followup points (р=0.000). At 12 months after the initiation of treatment, the mean CRT in the IVA group significantly decreased by 18.9% compared to baseline, i.e. from 276.5 µm to 224.3 µm (Fig. 2) . The difference in CRT between the IVR and IVA groups was statistically insignificant (р=0.3).
At baseline, the mean CNV thickness was 240.6 µm and 252.7 µm in the IVR and IVA, respectively. However, the mean CNV thickness did not differ significantly between two groups (р=0.46). A significant decrease in the CNV thickness was noted in the both groups studied. Thus, on completion of the follow-up, the mean CNV decreased statistically significantly by 26.5% as compared to baseline, i.e. from 240.6 µm to 176.9 µm, in the IVR group. In the IVA group, at month 12, compared to baseline, the mean CNV also decreased statistically significantly by 26.2%, i.e. from 252.7 µm to 186.6 µm. At each follow-up point, the differences in the CNV values were insignificant (Fig. 3) .
On average, the mean number of injections was 2.3 (0.9) and 2.6 (0.9) in the IVR and IVA groups. No statistically significant difference in the number of injections was noted between the groups (р = 0.15).
No case of endophthalmitis, uveitis, retinal detachment, or cardiovascular sequelae was noted.
Discussion
The efficacy of ranibisumab and aflibercept has been studied separately in the previous investigations. Ranibisumab has been shown to improve functional and anatomical measures in pathologic myopic patients with CNV in a number of prospective cohort studies (from 9 to 64 patients) [12, 13, 18, 21, 26] in addition to a doublemasked randomized clinical study RADIANCE (227 patients) and an open-label uncontrolled study REPAIR [22, 23] . Thus, the RADIANCE and REPAIR studies have proven that ranibisumab improves vision acuity in patients with myopic CNV, on average, by 14 letters following two intravitreal ranibisumab injections with follow-up of 12 months. These two studies recorded similar changes in the mean retinal thickness at the fovea. So, RADIANCE has reported on a reduction in the mean CRT of 71.3 µm at month 12 of the treatment [25] .
A number of small prospective and retrospective studies have also demonstrated positive functional and structural results of treatment of pathologic myopic patients with CNV using ranibisumab. For instance, Lai TY et al have shown the improvement of the visual acuity, on average, by 3 lines in 16 patients with myopic CNV in pathologic myopia with a 12 month treatment course. Ranibisumab resulted in a significant reduction of the OCT mean central retinal thickness [12] . Mones et al have demonstrated a significant increase in the mean visual acuity by 9.53 letters with the mean number of intravitreal ranibisumab injections of 1.52 over 12 months [13] . Silva et al have determined that, at 12 months follow-up, visual acuity in patients with myopic CNV improved, on average, from 20/100 to 20/63 following 3.6 intravitreal ranibisumab injections [21] . Wu et al have studied the results of three loading sequential monthly intravitreal ranibisumab injections followed by a PRN schedule in myopic CNV. Herewith, the mean visual acuity was significantly increased over 12 month treatment with a mean injection number of 3.44 (SD 0.92) [26] .
Cha et al have reported on results of studying the efficacy of ranibisumab (22 patients) in comparison with bevacizumab (42 patients) in myopic CNV at 12 months follow-up. The mean visual acuity significantly increased in both groups. And the mean central retinal thickness significantly decreased by 22.43% and 15.56% in the ranibisumab and bevacizumab groups, respectively. The mean number of injections over the follow-up period was 2.43±1.04 and 2.72±0.96 in the ranibisumab and bevacizumab groups, respectively (р=0.27) [6] .
In our study, in the IVR group we noted a significant improvement of the mean visual acuity, a decrease in the mean central retinal thickness at the fovea and in the CNV thickness following two intravitreal ranibisumab injections at 12 month follow-up.
In 2015, there appeared results of the MYRROR study on intravitreal aflibercept for myopic CNV. Aflibercept treatment resulted in the improvement of the mean visual acuity, on average, by 13.5 letters at 48 week follow-up [27] . In this study, the mean CRT significantly decreased from 349.7 µm to 263.5 µm. The mean number of injections was 2 (at the first quarter of the study) and 0 (from the second to fourth quarters of the study) [27] .
Pece et al have reported the results of treatment of 33 patients with myopic CNV. At 12 months, compared to baseline the mean visual acuity did not increase statistically significantly, the mean CRT significantly decreased from 242±56 µm до 198±46 µm (р=0.02), and the mean number of injections was 2.0 (1 to 4 injections) [19] .
In the IVA group we noted a significant decrease in the mean BCVA and a reduction of the mean CRT and of the CNV thickness at 12 month follow-up. Over the follow-up period the mean number of injections was 2.6.
Limitations in our study were: difficulties in comparing the finding of our study with other studies because of using different visual acuity charts; using different OCT units; different follow-up periods.
Our study demonstrated that in clinical practice both ranibisumab and aflibercept could increase the visual acuity and improve anatomic and functional measures in pathologic myopic patients with CNV over 12 months.
Conclusions
Both ranibisumab and aflibercept were found to improve the visual acuity in pathologic myopic patients with CNV with no statistically significant difference in the number of intravitreal injections. There is no difference between ranibisumab and aflibercept to be used in the clinical practice. 
